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Overview

Timeline
FY15

Wireless charging test results to support
test procedure development

Initiate support of ENERGY STAR EVSE
test method development

FY16

Support SAE J2954 test procedure
development for Interoperability testing

Bench test setup for SAE J2954
Evaluate FOA-667 wireless chargers

Finalized test method development for
EnergyStar EVSE evaluation

Budget

FY15: $ 630k
FY16: $ 250k
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Barriers
Lack of common test procedures

Compatibility / Interoperability and
safety issues for wireless chargers

Potential cyber security vulnerabilities

Charging systems power quality
impacts on the grid

Lack of published results / data from
advanced charging systems

Partners
OEMs and Industry partners
SAE J2954
SAE J2894
Oak Ridge National Lab
Hyundai, Mojo Mobility
EPA Energy Star



—e
\m_b Idaho National Laboratory

Objective / Relevance

INL provides independent testing and evaluation results for:
Wireless charging systems
Conductive electric vehicle supply equipment (EVSE)

On-board charging systems

Provide DOE with feedback for technology development investments and
Funding Opportunity Announcements

Support industry’s development and harmonization of wireless and conductive
charging codes and standards

Evaluation of Charging Systems and Infrastructure is relevant:
Characterize impact and interaction with the grid
Standardization reduces risks and costs of new technologies
Increased EV adoption through consumer awareness
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Testing of the two wireless charging systems from FOA-667

Efficiency, power quality, and EM-field results as impacted by caoill
alignment, coil gap, input voltage, and charge rate

completed Jan 2016: ORNL / Toyota / Evatran / ICAR wireless charger
In progress: Hyundai / Mojo Mobility wireless charger (April / May 2016)

Support SAE J2954 (wireless charging) development
INL provided specific test setup and procedure details
INL will conduct up coming J2954 Interoperability testing
Test Plan finalized as of April 11, 2016

Finalized conductive EVSE test procedures for ENERGY STAR

Supported SAE J2894 with published test results
Power quality test results from five PEV on-board charging systems
In-rush current measurement from vehicle charging systems
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INL’s Electric Vehicle Infrastructure Laboratory

Evaluate Conductive and Wireless Charging Systems
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« Power quality .
- Total harmonic distortion
- Power factor
- Transient response
» Cyber security assessment
- Communications security
* Wired and wireless
- Software and firmware

* Wide range of input power
- 120 VAC, 208 / 240 VAC, 480 VAC 3¢
- 400 kVA total capability

« Grid Emulator (60 kVA) enables the evaluation of charging infrastructure
performance and response during transient grid events
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INL’s Wireless Charging Testing and Evaluation
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Vehicle testing

« Wireless charger evaluate as integrated
into a vehicle

» Non-metallic vehicle ramps used to
elevate vehicle to provide necessary
space for the coil positioning system

Bench sub-system testing

- Fiberglass frame and fasteners supports | =
the vehicle side coil and power electronics | ¢

* Vehicle emulation modules
- Battery emulator, communications
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Wireless Charger Coil Positioning System

Coil positioning system for primary coil
(ground assembly)
« Servo-motor driven

- Enables accurate coil misalignment

- Move ground coil assembly with
respect to vehicle caoill

- Vehicle remains stationary on
non-metallic ramps
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Magnetic and Electric Field scan around vehicle

EM-field meter positioning device
» Servo-motor driven

* Accurate positioning of the EM-field
sensor

- Enables quasi-static EM-field
scan in the XZ plane




Accomplishments:
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ORNL Wireless Charger Performance Results

ORNL Wireless charging system (FOA-667)

was evaluated:
- Efficiency
- System Efficiency

- Sub-system Efficiencies
* Power quality

- Power Factor
- Harmonic Distortion

- Electromagnetic field around vehicle

* Across a wide range of
o X &Y coil misalignment

o

o

o

http://avt.inel.gov/pdf/presentations/ ORNLWPTSAESymoisuym2016.pdf

Z coil to coil gap

Input voltage (208V to 240V)
Output voltage (275V to 375V)
Output power (up to 7.0 kW)

Total System Efficiency (%)
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System Efficiency: Impact" of Gap and Misalignment

* Gap and Misalignment have Total System Efficiency (%) with Y-Axis Misalignment
significant impact on system B gy S
efficiency ] B
T 8%
Tt — 81%
— ] | 80%
: - e ot N g
 Designed ground clearance: oo = %
152mm = 79%-80% 1 2
78%-79% E

- 82% efficient when aligned || «7m7sx
m 76%-77%
B 75%-76%
m 74%-75%

* Misalignment of 100mm  73%745%
- 6% efficiency decrease g
B 70%-71% _7_ Coil Y-axi
¢ 82% tO 76% .Zg;}_;g; 7 20 Mis::Iigna:::nt

* Increase in gap by 40mm
- 1% efficiency decrease
* 82% to 75%
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EM-field Scan in X, Z plane near rear bumper

Coils Aligned (0,0)

Full power: 6600 watts output
Input voltage: 240 V RMS
Output Voltage: 366 VDC
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Magnetic and Electric Field at 132mm coil gap

 Bright color area is above ICNIRP 2010 levels (general public exposure)
* Magnetic field (A/m)
- Large area near bumper at ankle height shows peak of 85.7 A/m

* Electric field (V/m)
- All areas measured around rear bumper are below ICNIRP 2010
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Magnetic and Electric Field at 152mm coil gap

 Bright color area is above ICNIRP 2010 levels (general public exposure)
+ Magnetic field (A/m)
- Large area near bumper at ankle height shows peak of 132 A/m

* Electric field (V/m)
- Small area near bumper at ankle height shows peak of 105 V/m
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Magnetic and Electric Field at 172mm coil gap

 Bright color area is above ICNIRP 2010 levels (general public exposure)
+ Magnetic field (A/m)
- Large area near bumper at ankle height shows peak of 153 A/m

* Electric field (V/m)
- Small area near bumper at ankle height shows peak of 127 V/m
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Accomplishments:

Hyundai / Mojo Mobility Wireless Charger (FOA-667)
Testing and Evaluation

INL will conduct testing and evaluation in April and May 2016:
- Efficiency
- System Efficiency
- Sub-system Efficiencies
- Power quality
- Power Factor
- Harmonic Distortion
* Electromagnetic field
* Across a wide range of:
- X &Y coil misalignment
- Z coil to coil gap
- Output voltage
- Output power

15
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Accomplishments: -
SAE J2954 Test Procedure and Test Setup

» INL will be conducting the interoperability testing of
eight wireless charging systems (Summer 2016)

- Toyota
> Nissan / WiTricity
- Daimler / Jaguar Land Rover / Qualcomm

« SAE J2954 test procedure was completed with
significant input from INL testing experience

- Evaluate efficiency, power quality, EM-field

- Across a wide range of coil misalignment, coil
gap, charger power level, and output voltage

* INL prepared measurement equipment
- Bench test setup with standardized
- steel vehicle mimic plate
- aluminum shield plate

16
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Accomplishments:
SAE J2894 Power Quality

Power Quality of On-Board Charger
2012 Chevrolet Volt
2012 Nissan Leaf
2015 Nissan Leaf
2014 BMW 13
2015 Mercedes-Benz B-Class Electric

Results support SAE J2894 development
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Accomplishments:
ENERGY STAR Conductive EVSE test method

Finalized Test Method document created for EVSE testing

+ Definitions H
* Test equipment requirements
* Test procedures
- Standby power consumption _W
- Power consumption during charging
EVSE test results provided to EnergyStar ENERGY STAR
» To support performance ratings development
- To benchmark performance of current technology

18
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Response to Previous Year Reviewer Comments

Reviewer: “...establish stronger ties / collaboration”
INL has improved collaboration with SAE J2954 team.

Reviewer: “...are any plans to evaluate the charger
being used in the Hyundai (vehicle) ...”

In April 2016, INL is evaluating the wireless charging
system from Hyundai / Mojo Mobility for the FOA-667.
INL is evaluating the system for efficiency, power
quality, and EM-field across a wide range of XY coil

misalignment, Z coil gap, and output (battery) voltage.

Reviewer: “The reviewer would like to see, as part of this program, well defined,
and documented, repeatable test procedures for the charging procedures. ”

INL supports test procedure development for SAE J2954 for wireless charging
evaluation, SAE J2894 for charging system power quality, and ENERGY STAR
for EVSE evaluation. These procedures are developed, refined, and validated
from testing results and contributions from INL.

19
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Collaboration with Others

SAE J2954

» Collaborative support of test N
procedure development through . A (A

testing and evaluation D) DAIMLER
* INL will conduct wireless charging Dt —

interoperability testing of systems ~ TOYOTA ﬁ(WiTricity &D|

from:
. Toyota QUALCOMWW
- Nissan / WiTricity
- Daimler / Jaguar Land Rover /
Qualcomm
ENERGY STAR
Ny
* INL is supported creation of EVSE ENERGY STAR %%{GE Q@/\D
test method document Netom ooy TOYOTA
Independent evaluation of wireless Evatran: Cucs,

charging system
- ORNL / Toyota / Evatran / ICAR =

- Hyundai / Mojo Mobility H%:I/{;II mﬂLQYJ()\E

20


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPkoervqDLAhULPD4KHcTyDl4QjRwIBw&url=http://www.trakm8.com/myclients/jaguar-land-rover&psig=AFQjCNFUmW2JOXO2O-T2W0OwGJiR6dAbdA&ust=1456956025832683
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPkoervqDLAhULPD4KHcTyDl4QjRwIBw&url=http://www.trakm8.com/myclients/jaguar-land-rover&psig=AFQjCNFUmW2JOXO2O-T2W0OwGJiR6dAbdA&ust=1456956025832683
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDweXJvqDLAhUDFx4KHULfCbQQjRwIBw&url=http://www.inautonews.com/daimler-to-invest-e1-5-billion-in-mercedes-benz-sindelfingen-plant&bvm=bv.115339255,d.eWE&psig=AFQjCNGIeuBEjwxJ_vFPo1EFcMFbIv8cMw&ust=1456956089965410
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDweXJvqDLAhUDFx4KHULfCbQQjRwIBw&url=http://www.inautonews.com/daimler-to-invest-e1-5-billion-in-mercedes-benz-sindelfingen-plant&bvm=bv.115339255,d.eWE&psig=AFQjCNGIeuBEjwxJ_vFPo1EFcMFbIv8cMw&ust=1456956089965410
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj_s-PhvqDLAhXI6x4KHdbTCS8QjRwIBw&url=https://www.qualcomm.com/logos/download-logo&bvm=bv.115339255,d.eWE&psig=AFQjCNFuZNKYYaCVgUAXcmk4NZHqbJdqOg&ust=1456956147128142
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj_s-PhvqDLAhXI6x4KHdbTCS8QjRwIBw&url=https://www.qualcomm.com/logos/download-logo&bvm=bv.115339255,d.eWE&psig=AFQjCNFuZNKYYaCVgUAXcmk4NZHqbJdqOg&ust=1456956147128142
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjf4c-Qv6DLAhULkh4KHTbOD6cQjRwIBw&url=http://logos.wikia.com/wiki/Toyota&bvm=bv.115339255,d.eWE&psig=AFQjCNEDhtpA2hC7TdzE7vcoPWaVWX8TWA&ust=1456956243155265
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjf4c-Qv6DLAhULkh4KHTbOD6cQjRwIBw&url=http://logos.wikia.com/wiki/Toyota&bvm=bv.115339255,d.eWE&psig=AFQjCNEDhtpA2hC7TdzE7vcoPWaVWX8TWA&ust=1456956243155265
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjK4pCnv6DLAhXIpR4KHaxrAQcQjRwIBw&url=http://www.zeroto60times.com/large-car-logos-2/large-nissan-car-logo/&bvm=bv.115339255,d.eWE&psig=AFQjCNE-RkazPjUA1YRBZdYhADnv1Kn31w&ust=1456956290343541
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjK4pCnv6DLAhXIpR4KHaxrAQcQjRwIBw&url=http://www.zeroto60times.com/large-car-logos-2/large-nissan-car-logo/&bvm=bv.115339255,d.eWE&psig=AFQjCNE-RkazPjUA1YRBZdYhADnv1Kn31w&ust=1456956290343541
http://www.businesswire.com/news/home/20140107005988/en/WiTricity-Announces-Breakthrough-Wireless-Charging-System-Consumer
http://www.businesswire.com/news/home/20140107005988/en/WiTricity-Announces-Breakthrough-Wireless-Charging-System-Consumer
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjr0NvhwKDLAhXJKh4KHfawCyAQjRwIBw&url=https://commons.wikimedia.org/wiki/File:Energy_Star_logo.svg&bvm=bv.115339255,d.eWE&psig=AFQjCNEIenB6Q03NvfCDlxg_NPI6pa2ZKg&ust=1456956687616867
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjr0NvhwKDLAhXJKh4KHfawCyAQjRwIBw&url=https://commons.wikimedia.org/wiki/File:Energy_Star_logo.svg&bvm=bv.115339255,d.eWE&psig=AFQjCNEIenB6Q03NvfCDlxg_NPI6pa2ZKg&ust=1456956687616867
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwix6YXlwqDLAhULXB4KHc2GD60QjRwIBw&url=https://curie.ornl.gov/content/oak-ridge-national-laboratory&bvm=bv.115339255,d.eWE&psig=AFQjCNEdoJNBmxU0DutuqsKKLRoqqmKghQ&ust=1456957229118321
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwix6YXlwqDLAhULXB4KHc2GD60QjRwIBw&url=https://curie.ornl.gov/content/oak-ridge-national-laboratory&bvm=bv.115339255,d.eWE&psig=AFQjCNEdoJNBmxU0DutuqsKKLRoqqmKghQ&ust=1456957229118321
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJh9iZw6DLAhXMJR4KHTZhClEQjRwIBw&url=http://www.prnewswire.com/news-releases/yazaki-north-america-inc-and-evatran-partner-to-bring-plugless-power-to-electric-vehicles-122928728.html&bvm=bv.115339255,d.eWE&psig=AFQjCNGUfLy3csLVObXaJOMkcVjnYeC2vQ&ust=1456957287796386
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiJh9iZw6DLAhXMJR4KHTZhClEQjRwIBw&url=http://www.prnewswire.com/news-releases/yazaki-north-america-inc-and-evatran-partner-to-bring-plugless-power-to-electric-vehicles-122928728.html&bvm=bv.115339255,d.eWE&psig=AFQjCNGUfLy3csLVObXaJOMkcVjnYeC2vQ&ust=1456957287796386
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjj_LHGw6DLAhVFGR4KHeB8DhcQjRwIBw&url=http://www.clemson.edu/facilities/sustainable-building/leed/icar.html&bvm=bv.115339255,d.eWE&psig=AFQjCNEDDHu5fJdITbTTknNXCG0-jpEgYw&ust=1456957390285043
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjj_LHGw6DLAhVFGR4KHeB8DhcQjRwIBw&url=http://www.clemson.edu/facilities/sustainable-building/leed/icar.html&bvm=bv.115339255,d.eWE&psig=AFQjCNEDDHu5fJdITbTTknNXCG0-jpEgYw&ust=1456957390285043
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjf4c-Qv6DLAhULkh4KHTbOD6cQjRwIBw&url=http://logos.wikia.com/wiki/Toyota&bvm=bv.115339255,d.eWE&psig=AFQjCNEDhtpA2hC7TdzE7vcoPWaVWX8TWA&ust=1456956243155265
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjf4c-Qv6DLAhULkh4KHTbOD6cQjRwIBw&url=http://logos.wikia.com/wiki/Toyota&bvm=bv.115339255,d.eWE&psig=AFQjCNEDhtpA2hC7TdzE7vcoPWaVWX8TWA&ust=1456956243155265
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwikg7bww6DLAhXHrB4KHXUQDMwQjRwIBw&url=https://commons.wikimedia.org/wiki/File:Hyundai_Motor_Company_logo.svg&bvm=bv.115339255,d.eWE&psig=AFQjCNGCN0V8exdg5WBKOLpB_tnRc0IHBA&ust=1456957511947015
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwikg7bww6DLAhXHrB4KHXUQDMwQjRwIBw&url=https://commons.wikimedia.org/wiki/File:Hyundai_Motor_Company_logo.svg&bvm=bv.115339255,d.eWE&psig=AFQjCNGCN0V8exdg5WBKOLpB_tnRc0IHBA&ust=1456957511947015
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiD9PCpxKDLAhUJJB4KHb5lB4gQjRwIBw&url=http://www.mojomobility.com/&bvm=bv.115339255,d.eWE&psig=AFQjCNElkCDHCfqb_6d_hYrdg-zqdni6ww&ust=1456957581287795
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiD9PCpxKDLAhUJJB4KHb5lB4gQjRwIBw&url=http://www.mojomobility.com/&bvm=bv.115339255,d.eWE&psig=AFQjCNElkCDHCfqb_6d_hYrdg-zqdni6ww&ust=1456957581287795

Future Work

m Idaho National Laboratory

« Test and evaluate wireless charging systems as

available

» Continue to support SAE J2954 test procedure
and standards development through testing and
evaluation

+ INL will conduct wireless charging
interoperability testing of systems from:

O

O

O

Toyota
Nissan / WiTricity

Daimler / Jaguar Land Rover /
Qualcomm

Results will enable SAE J2954 to
determine a reference standard coil
design

- Continue to support SAE J2894 development
through test results charging systems

- Power Quality
- Transient response

N

TOYOTA

M€ WiTricity

<

DAIMLER
Jix?%uw

QUALCON\N\'
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Summary:

Completed:

Evaluation of the system performance of the ORNL / Toyota /
Evatran / ICAR wireless charger (FOA-667)

INL provided specific test setup details for both vehicle and
bench test setup to SAE J2954 draft document (TIR)

Published power quality results from five on-board vehicle
charging systems to support SAE J2894

ENERGY STAR finalized the EVSE test methods document
with significant input from INL

In Progress:
Evaluation of the Hyundai / Mojo Mobility wireless charger
(FOA-667)

Conduct interoperability testing and evaluation on eight
wireless charging system to support SAE J2954 development
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Magnetic and Electric Field at 152mm coil gap

What is the additional Electric field
approximately 1.2m from the coill
center?

* Approx. 60 V/m

This is EM-field generated from the
tuning capacitor enclosure between
the GSU and the Primary coil
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X-Axis (mm)
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EM-Field near Tuning Capacitor Enclosure
at 152mm ground clearance coil gap

Tuning Capacitor Enclosure §#
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EM-Field near Tuning Capacitor Enclosure
at 152mm ground clearance coil gap

 Bright color area is above ICNIRP 2010 levels (general public exposure)
* Magnetic field (A/m)
- Shows peak under the enclosure of 309 A/m

* Electric field (V/m)
- Shows peak under the enclosure of 2,902 VV/m
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